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D apens wiich ie the most valnable gem in the world, i alse very umper
2 B T

cant ip ndustial materials. Deeause of its hardness. diamend s widely User
o oy o- N . “ B . N ) 3 T .
ot polishing and wiindiug aiaterials. Beside its Lardaess, diatnond has vatious
saperh propertizs for industrial materals such as antioxidation, good thermal
comductivity transparency for wide ranges of light {except ultrared), wide band
v ere with depine with impurity

medis, st Lliakaily sRILCGIPIUC OIS WILIL Qopniip w1 NP urity.

Vatural diamend is produced very little and its production sites are limited
vi. stanie rontinents For this reason. there have been o number of investigations
i syaithesls wf dlamond.

Vatural Aemend crystallizes af around 150 - BL‘Ukm under the carth surface.
w3t rursts rapudly out on the earth surface with volcamie eruptions  Under

DI atmnspheri-: pressures, graphite is stable and diamond 1s quasi-stabie. I

. | Y ..,s‘l. 1., RO, o i .. . L e e o b v L e e
ider to syLithiesice CUALOUILAR, neleicle, OIR LA Lo LeneIale ielnyﬁrglh “y Al
&

nreseuses 1y argh a¢ these at 130km under the earth's surface. With developing

v

teit pressure technodogy, 2 ST group in USA fust synthesized artificial Jizmeneis

- L o

[N .

g
w2007 sl s netal solvet wdee o higle tanperatue aid piessaie Tl
dscevery opened 2 door to industrial materials of diamond. In recent days it
‘. waid that the amount of industzial usages of diamond is one index
feptesentiug counties industrial standard. In 1966, Tapan inpurted 30 nullion
Carate of dismend (97% of them are synthetic).

L pecern tears basic technologles such as synthesis and processing of dia-
il Loevs developed sigaificantlv: one canosynthesize diatnonds with control of
their components and strustures and use them with known properties. As a
raguit dismend pecemes an important industrial material which 1s inyolves 1n

% Numbers in margin indicate pagination of foreign text.
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e fozemost advanced techuology. Of these basic technologies, for the synthesis
tecinology, the gas-phase growth technologies of diamond have been established.
oy this technology. Tapan is the most advanced country in the world. and the
satiteet of tivestigatons is increasing. The synthesized dianend by the gas-plae-
srowth techiniques is 3 thin flm and thus more wi idely applicable to industrial

sages than tire traditional bulk diamonds. The diamond thin filin Increased its

ilustrial usages In Tigo L the basic teduologies and dian rond s applications

3

L T,
woanplaved Of spplications of thin ”dmomn g 1o wrrently only speaker ma
variats whsch utiize disrnond s nigh seund velooty “haractenistics are in use

* 1
1Zed.

Tmeaer st ot applications will be 1ea
2 Trelhase Crowth T@;hniques

" ne gas phase growth technigues of diamend thin ilm synthesis includes ther-
el Alatmens U chernical vapor depesition). ™ plasing CVD.H on bemx vas

ool depusiticin 1Ol bealll spult=Ilig deymxu«m < sputwri aleusnmn

3

1« metheds vield either self shaped crystal diamends or diamend like carbon

nims 000 m’ which are amerphous but very hard.

g

Tl s athests of dlasnowd tlon Al is carried vut wader the reduced pressuis

whers - 1 t.hermt;niynz nically stable, Therefore. it is necessary to activate

the prosess chemically or physically. otherwise only graphite is produced and a¢

P

re .o
bty aie obiainsd The procssses mentioned above for diamond sy nthesis
o taken into a-count of suck activation technigues. There are two activation

vecngiques One method 15 to chemically activate the process using hydrn.:ngens.

ki H

(1 : [P L ..
SUTLRURS TN ¥ {4 SN C RRL UV R N Aivale e PLoLess b ¥ xvhl«hllg ancelerated Do,

T e T et CUTY LA ; . RN il
4 smenmal Adameny OVD belongs to th former technigue. whils the ion bzam

(s

caroe depesitien and 1on heam spattering deposition te the latter one
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Cenpiatesn i beoieegy, 0. selltiesopdaoron technoiogyt 40 witrafine particle: B gas phase gz»-mh
Cleesd e kol oraltspabeling, Tl beallt vaoour depositicn, 8. high wanperstire and pressu
bRk 9L aMiplodion iechaslogy: 10. processing and polishing technoiogy: 11, thin film: iZ. oo
witied velacitrs o speaker materials, witrasound iransmission media; 14, stabillty; 150 surface prote-ties

Rite. passtvation: in. fon barrer:d7. thermal conductivity: 1s. heat sink base Doard: 1y, wide band
£ap. semucoeTArctivity : 2i. nitraviolet sensor, nitraviolet lasar; 1. photo eleciromotive fcrce elernam; 22
facion ewsiant high lemperature operated transistor; 23. hardness. «toaung. low fncuon coetfinien:
4. supsrhae pajucle abrasives: 25, bite dnb 25 seanng, dise surface, tape surtace; 27, iransparency: s,
tzser wRd woolector, ens coating. window coating: 29. bulk, 30, jewelry: 3. transparency: 32. Window
vatersais damond aavil bearing: 35, hardmess:34. piikap need.e. bearing; 35 super hard bite dnii.. 36
abasive teateriais: 37 thermmal condnenivny: 38, heat sink.
1
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Currently enly thermal filament CVD and plasma CVD methods, which chemn-
-alls activate the process, synthesize perfect diamond crystalline thin films with-

aut any amerphous structure. For this purpose the base Loard temperature

)
A i

Wiabiain wore than 900°C. So far physical activation 1 methods yield
Saperfentis crystallized dismend thin films. but it presents a possibility that
restalbne -iiamﬂn-is can he synthesized at lower temperatures. In this review.

we dlanusy the thermal ﬁim’u-—:m VD and lon Leam sputtesing tectmiques for

tumioal and physizal astivations. respective elv. We also discuss the gas-phase

PR Y S
w

rrowth technlques of ‘iia.m-‘:’n«i

o~y T

' X
Pkl J.IL"‘IL[.L l.. JL{ \-linlxt [T

LY

s - [

Tl 2 displays the diagram of the thermal filament CVD for synthesizing dia-

mend thin abms Ome of the characteristics of this apparatus 1s that the tungsten

. .y . D e L
Wi is nght above the base board. During syntiesis. the idament beiomes
one than A0 Carbons for Jismend synthesis are taken lrom m=thans gas.

which 15 ditated by hydrogen gas to yield 1 vel® of methane. chlrogen 4 A
alecules decompose with the heated flament which is mere than 2.000°C, ansi

* ] . 1. L * . . .
AN FE ¥4 i.kl Uil .liL"y k"\l'\?g'fllﬁ- 4 h':' ".'$t‘U.(Xu‘.. ilj df‘-~‘5ﬁi\5 ‘~ll':11u‘> idl} G‘:-tl‘f{ttg tli’: i."i'ﬂ L5y,

The mechanisms of the ciemical activation mentioned above may be as follows:

i Aton h‘\,{if«uge cact with CH. and effectively yield radicals suddi
“11.. 710, sud CHL Resulting activated radicals decompose on the base board

i

el cenerate dlamensd structures { Cornpared teo the decomposition of CH. on
e hase baard that of radicals such as CH; proceeds at lower temperatures and
S e Depneed =[Tectively. Tt s alsy said that CHy radicals are waportant for
Cerdtug fiamend stru-tures)

Like “arhons wiecn ars produced simadtaneousiy as dlationds are

158
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#iy 2 Thermal Filamert CVD APPMQWS
b owtneter. ¢ efectric furnace; 3. tungsten filarnent: 4. base board; 3. thenno

couple. oo wiystal tabe, 7. filament electric sowee; o, rotary oil puyg

crodueed, feact with ateric hs drogﬂns to nfal EL drocarbons {Since in the ‘kha

to produce graphims ihe-refore unless graphites formed are removed from the
Crewse iatnendd crvstals pever grow. Graphites react with atomue hydrogens
siwvie =aoily an danionds, and thus this technique selectively removes graplute=-
e b

We obeapeni netfect crvstalline diamond himes on the base board which was

it al about 900°C. On the Lase board diamonds forn an epitaxial il

Uepaver. an the base board which is not diamonds but such as silicen. granules
st djamond grow  In order to increase granule’s yield. it 1s necessary to make

i 3 3 11 . - M H H
siaiies ont the base board by dlamond paste. Nuclel may be formed on the

orntoi o dlamend particles remain on the scratch and become nuclel for further

£
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i 4 jon Beam Sputtering Deposition Apparatus

ORI . I T S TR . LUV TN, S TSV SUR By
ditAay ousdindUilel, <. '.iL-:lIKLL”:'I. S, lon souIce; 'i Lon Dedaln, o Lrase poaId. .

Iget. T vaCuuIn puimg.

© 1

%Y Ton Deam Sputtering Deposition™

-

L

A diT

fon. L=amm sputtering Jeposition apparatus is schematically shown in Fig.

“lixved ion beams of argon and hydrogen. whose energies are about 1200 2V, are

itradiated frome the jon sousce. The target is a graphite sheet, from which carbon

K]
(=27

Wt

stans at= sputtesed. Thoss casbon atoms are sources of diamond synthesis. The

featuze of this apparatus is that the surface of the base board is neariy

vty
FLaln dilile

paralie) 1o the fon beam at the irradiated position. Because of this orientation

TLirr ey
[N B I
R,

the Lase board, Migh ensigy ton beams collide with the board surface and

i-slly sotivate the process. This physical activation 1s considered to cause

C o : ! PO . o 1
napiy eavy "Ig’)l! 1O D eafiis iutt.m% a CE\Ibi’)n hhn cen the voard surface

Th stisie aeball. the ollowing interpretations are consider=d.

Y

1% 4 ilision impact of fon beam on the base board locally forms high tem

[P Sy

veaiye vl ressure domains and diamend synthesis starts there.




e e A ———————— e © T

% The collishonosputtens aibon atoms in graplite-like structures w hose buond-

nyis rather weak. and remeves ameorous structures.

A

'n this process, hydrogen lon beams are also irradiated at the board surface

-3 s e e ey aleg exdst. Such clieneal alty
Tlius, henns an aclivations denoned Ui {4} ma) d§0 eXdst. Judl Cledll. ati-

cations as well 35 physical activations, whose effects are determined by the ton

Tyaldail

heam energr and irradiation angle. are optimized and superimposed, and thus

L

“‘ . i . i ~ L] . + 1' ‘ )
Harends grow al reem aempe:atu‘fe, Further, since the lon beam collides with

a1y shallow angle close to parallel to it, the temperatuss of

»

s . oy s N fmwedl o #
N SR L RS DR N v 44

-

the nase board vnly slightiy increases and maintains at room temperature
Carbon G formed on the base board at room termperature are mostly amor-
) s and Vickers hardness of them is more than 3.000 kg mm’'. These arz DLC
Sims A photegrarh of a DLC hlm s shown in Fig. 5. This is taken by a trans-
cresion ~lertzon wieroseops Grranades are forred i the il They are cubie
et rstads, wlil sonsht of cubosuctaliedral type cuble structuies. Th-
<rep Aifuction pattern and s shape reveal that the ain planes are {100

¢'-_\.< [SRCAIS

Tl bie v adli sputieling netived produces Jiatend coystals on the Lase Loasd

l

oo teraperature  Several particles seen in the electron MICIoscops vIgw
apiam: il in the same direstion. However, these diamond particles are as vl
s 00 - 0.2 gm. They are surrounded by amorphous structures and can not grow
.o further  For this zeason, thin films of perfect Jiamond crystal can not b
beained but DCL fims whose surfaces are smooth are obtained. These can thus
Le applied 1o abrasion resistance films. Also since all particles orient to the sams
Srection. heterospitaxiality may be expected,

pwrnr it 1s mecsssary e find a break through in order to yield perfect

]
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Turos Doanenn Crystal Particies in a DLC Film.

syamwend crystal thin ilms by removing all amoerphous structures

5 Evaluation of Diamond Thin Films

As muzntivned above, carbon has two allotropes. graphite and diamend. Thus.
wtentihication of the diarnond thin hlm should be carnied out by at least twe
measur-uw-nts. Structures, atomic vibrations. and electron states of the carlun
ke Hhin cancadentily liagnonds.

Structure: the X ray and electron diffractions are used for structure analy-
sis Ome should by cautious since electron diffraction patterns of multicrystal
Hasovads are very simidar to those mnulticrystal graphites. These are hinited to
ssrstaiz not for amerphous matenals.

Aterde Wibrationw The infrared absorption and Raman spectra reveal vibra-
oot Gegueniies of warbon vr hydrogen atowns, which idemtify cathon atonn s
siixn Sl e zraphite-like (sp? i or damond-like (sp?). Recertly Raman scattering
snectra prodnce most rellable data for diamonds

bl ]

z ™ 1 Py . 1 Y
Tle ien States. Duergy loss speclra and Oje electron spectra yield electron

MY
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0 struotures Lo s tkin flm. This can dstinguish diamund from graphit
turther one -an obiain seme knowledges of amorphous strustures. DLC s
en suggest saixed structages of Bamond {sp’) and amorphous catbon )

Th oo thres factors indicate contents of crystals in the thin film. Impuritie: in
Ve e ol be identified sinalarly. Fer this purpose. the infrared spectra and
Wi seooiadarv lon mass analysis methods are used. These results together with

2k

kY ~

si.a0 prepertiss {such as hardness. tramsparency. sound velocity) determune

i

how diamond thin films should be synthesized, However. we have not evaluated

Cosite at Ui thin Al fermation. By developing this evaluation. we may solve a

secret b hamend synthests.

4 In Sommary

oy - ¥

We teviewed vas-phiase growih technologies for diamend synthesis, which ed
aids apolicativas s an important industric material. No one now complains
bt dinmond svnthesis using the gas-phase grewth technology. However, no

ne Kioews how o diamond grows by this method. If one find the mechanism of
oind crowthe ons can develop vatiows syrtlhetic mnethods matdiag te Uisis
anelousages. Inversely, new syntl hetlc metheds linr example. phote CVD i may
teveas tiee growth mechanism of diamond. New investigations will attain various

Lo Do MU L TP I S
ek Ll sloowi i © ig 4 aiwow *:yUll!l
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